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MARITIME DEVICE FOR PRODUCING
ELECTRIC POWER

The present invention relates to energy generation from the
conversion of the energy available 1n natural resources as
ocean waves or wind. Specifically, 1t aims at optimizing plant
factors associated with renewable energy generation, which
are aiffected by the 1rregularities of natural resource energy
availability, varying over periods of time and magnitudes of
energy which are discontinuous and difficult to predict. Such
optimization 1s possible due to the disposal of equipment
capable of rectifying the 1rregularities of energy harness to
deliver such energy by means of steady fluid flows, and har-
ness energy as compressed air 1in order to regulate 1t, thus
increasing supply guarantee.

The energy haressing and rectifying equipment of the
present mnvention 1s used in two alternative embodiments. The
first embodiment consists of maritime device to harness
power from waves and transier 1t to the hydraulic device to
generate electric power. And the second similar to the first
one, with regard an eolic device to generate power from wind.

BACKGROUND OF THE INVENTION

Nowadays, the search for renewable energies sources and
the optimization of the conversion of the energy harnessed
from such sources into forms which can be exploited for
domestic and industrial activities of the human being 1s a key
target for the development of new technologies.

Specifically, with regard to the equipment aimed at gener-
ating e¢lectric power from ocean waves, there 1s extensive
patent and non-patent literature; the present systems being
categorized according to the principle of harnessing energy
from waves, the location of such equipment, and the size and
orientation.

Accordingly, the international publication WO 2008/
103344 (equivalent to U.S. Pat. No. 7,468,563), describes a
device to generate power from ocean waves, which uses such
motion to raise and lower one end of a stationary arm, which
has a pivot point. The other end of such arm which 1s opposed
to such pivot enables a piston to go up and down within a
cylinder so that large amounts of air are moved. Such air 1s
conveyed through turbines to generate electrical power.

A similar solution 1s observed 1n Chilean patent CL 37583,
which describes a device to convert energy from ocean waves
into electrical power comprising a long a rigid beam sup-
ported between ends by a pivot supported by a platform
attached to the sea bed, one end of beam extends towards the
ocean, a circular tloat 1s supported from that outer end of the
beam by a universal joint. The inner end of the beam at the end
opposite the tloat 1s 1n connection with the hydraulic or fluid
pumps to produce hydraulic fluid or fluids under pressure in
response to the wave motion on the float, this hydraulic tluid
or fluids under pressure drive the power generator. It also
operates through an arm connected to a float, and on the other
end, including means to cause displacement of the hydraulic
fluad.

On the other hand, document GR1003263 discloses an
energy generating coastal plant, which consists of a long and
narrow platform or floating pontoon which, by being attached
to the coast, 15 able to resist ocean or lake waves, absorbing,
their kinetic energy, and it 1s able to convert this energy into
clectricity; for this purposes, two elements are provided and
coniined 1n reservoirs under the platform: water and air used
for transierring wave Kinetic energy to electric power gener-
ating plant. More precisely, water 1s confined 1n reservoirs,
and propelled by ocean waves thus alternatively moving a
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piston which transfers kinetic energy to the confined arr.
Then, the confined air transiers kinetic energy through air
pipes to the air turbine of the electric power generating plant
thus converting 1t 1into electricity.

None of the documents of the previous art describes an
associated system for accumulating and rectifying energy
which allows a stable and permanent delivery of energy
regardless of the irregularities of the original source; either
ocean waves or wind. No solution equivalent to that of the
present application has been found 1n the previous art. In fact,
even though there 1s some literature 1n the previous art which
discloses the use of ocean waves to move pneumatic and
hydraulic cylinders, and thereby generate compressed air for
generating electric power, none of such documents discloses
the system for converting the kinetic energy from the ocean
motion into electric power as it 1s disclosed in the present
ivention.

This 1s, none of the previous systems comprises the four
main elements of this marine device for generating com-
pressed air which, once accumulated, it 1s transferred into a
hydraulic system which, by means of a specific alternate
motion, generates electric power. Accordingly, the system of
the invention and 1ts associated method are novel with regard
to the prior art.

[ike ocean swell, wind 1s a random resource in nature and
thus, the accurate assessment of the eolic resource 1s a diifi-
cult and uncertain task. The reasons for the above are as
follows:

A high variability of wind speed found 1n different regions
of a country from an annual average wind speed of 2 m/s
to 4 to 7 m/s in windy places. This wind variation implies
a higher variability of the power available, from 40 to
200 W/m2.

Huge differences 1in wind speed (and therefore 1ts power)
are observed over short distances due to the changing
land topography and 1ts roughness. Over short distances
the colic power may vary by one order of magnitude.

It 1s difficult to measure accurately the eolic potential.
Wind 1s generally measured considering 1ts speed and
direction. The colic power 1s proportional to the cube of
wind speed which means that a small error 1n 1ts mea-
surement leads to bigger error 1n the calculated power.
For example, the eolic power of wind at 5 m/s 1s twice
wind at 4 m/s (5°/4°=125/64~2). An error of 10% in
wind speed measure 1mplies a 33% error 1n the calcu-
lated eolic power.

This means that the security of the eolic resource 15 low,
and thereby the plant factor associated with eolic-type
generating stations as well as those using ocean waves, 1s
around 30% at the most.

Nowadays, the most common system for obtaining colic
energy 1s through aerogenerators which comprise blades that
by crossing wind or through these make it turn and such turn
1s used by the generator which 1s directly coupled to the blade
system. This system comprises four major limitations with
regard to the exploitation of the resource:

1. According to Betz’s law, the energy elliciency can be up
to 60% at the most, since to make blades turn there must be a
certain outgoing wind speed behind the blades, which 1s
lower than the incoming wind speed that blades encounter.
Theretore, the energy used 1s only the energy from the differ-
ence between the mmcoming wind speed and the outgoing
wind speed from the blades.

2. The system operates until a certain range of maximum
wind speed since beyond this limit generator hub and blades
would be damaged.
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3. Energy generation 1s produced only 1if there 1s wind
available.

4. The generation system 1s dimensioned for a generation
capacity or rated power close to the maximum possible wind
speed within a range set in 2 to avoid wasting periods of high
speed. Therefore, there 1s an increase 1n the cost with regard
to the final use of the resource.

The present invention which 1s described together with an
colic device does not have any of the atorementioned disad-
vantages since 1t reduces to zero the outgoing wind speed and
thus the resource 1s utilized 1n its entirely; 1t can be used in
very high wind speed ranges, limited only by hurricane-force
winds or similar phenomena; the energy generation may be
carried out when 1t 1s necessary since this system will use the
energy accumulator and rectifier system of the invention to
store, regulate and have the energy at 1ts disposal, with a high
degree of wind energy independence.

The main problem this invention solves 1s the generation of
stable and sustained energy using renewable, clean, easy to
access and high-potential energy.

Secondly, 1t solves the cost 1ssues associated with harness-
ing renewable energies, since nowadays these costs can not
compete on equal terms with conventional energy generating
stations. Preliminary estimates indicate that this mvention
reduces costs for harnessing energy resulting in values
slightly higher than conventional energies.

Additionally, 1t solves the 1ssue of plant factors associated
with renewable energy generating facilities since it 1s capable
of harnessing energy as compressed air 1n order to regulate it,
regardless of the variability of source of origin. Thus increas-
ing supply security as well as increasing the potential plant
factor.

DESCRIPTIONS OF THE DRAWINGS

FIG. 1. Elevation view of the power rectifier and generator
equipment of the present mvention comprising the turbine
generator group (1) and cylinders (2).

FIG. 2. Top view of the power rectifier and accumulator
equipment of the present mnvention comprising: the accumu-
lator (3), and pipe lines for conveying tluid toward the turbine
generator group (4).

FIG. 3. Sectional view of the power rectifier and accumu-
lator equipment of the present invention comprising the accu-
mulator (3), the movable pistons (5), air pipelines (6) and a
movable piston open-close valve (7).

FI1G. 4. Elevation view of an ocean wave energy generating,
device, which comprises an air cylinder (8), a tloating pon-
toon (9), a breasting dolphin (10) and an articulated arm (11).

FIG. 5. Top view of the ocean wave energy generating
device with the floating pontoon (9) and the breasting dol-
phins (10).

FIG. 6. Possible arrangement of the ocean wave energy
generating marine device (12) together with the energy accu-
mulator and rectifier equipment (13) and the electric power
output substation (14).

FIG. 7. Top view of the ocean wave energy generating
device with the sail or flag (15), the air piston (16) and vertical
screen (17).

FIG. 8. Perspective view of the energy generating device

from wind sail or flag energy generating device (15), the air
piston (16) and the vertical screen (17).

FI1G. 9. Process for harnessing ocean and eolic energy and
their transierring to the hydraulic device to obtain electric
energy.

DETAILED DESCRIPTION OF THE INVENTION

The present invention consists of an ocean wave or wind
energy accumulator device for further converting it into
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mechanical energy and later, into electric power, and the use
thereof 1n the corresponding devices for harnessing energy
from ocean waves and from eolic energy. Likewise, the inven-
tion relates to a method for harnessing energy from renewable
sources of energy and their further conversion into electric
pPOWE.

The energy accumulator and regulator device uses com-
pressed air as energy storage, together with a non compress-
ible fluid for using the stored energy.

As shown 1 FIGS. 1, 2 and 3, this device comprises a
storage tank or accumulator of compress air (3) which 1s fed
from flows coming either from the ocean wave energy gen-
erating device or from wind energy generating device, which
convert the renewable energy into compressed air and transier
such energy to this accumulator.

Attached to said accumulator, there 1s provided a series of
vertical tubes (cylinders) (2) full of non-compressible fluid
wherein movable elements (5) can move, said movable ele-
ments (3) comprises another tube with a smaller diameter and
length, and the upper portion thereol being covered by a valve
(7) whichis included and housed 1nside the vertical tube, both
together form an impermeable seal by means of perimetral
rings specially designed for this purpose. Every group com-
prises two cylinders and two movable elements which are
attached to other similar groups as needed. Fach group 1is
attached to another similar group both at the upper level and
at the lower level by means of pipes for fluid flow (4), and by
means of pipes of smaller diameter at the upper and bottom
portions, for air circulation (6).

The pipes of each group are attached to a common pipe at
the upper level which conveys fluid towards the turbine-
generator to produce electricity and return 1t towards the
cylinders through pipes at the lower level.

It also comprises retention valves at the upper portion to
control fluid flows 1n both directions of the cylinder-movable
element, and other diverse valves.

This device mainly uses the hydraulic energy from the
generated flow as well as from the kinetic energy through the
strength of the stroke of the movable element at the end of 1ts
trajectory. For this purpose, the maritime or eolic device
produces compressed air, as stated before, which 1s stored 1n
an accumulator which 1s common for the entire device. This
accumulator stores and regulates the air that goes into each
one of the movable elements, by means of air pipes and valves
arranged at the lower level of every cylinder; such valves are
opened when the movable element 1s 1n the lowest level of 1ts
trajectory so that the required air 1s injected to fill all the space
available. When the movable element 1f full of air, a safety
device 1s open to allows the movable element goes up thus
displacing fluid which covers it thereby generating the flow
that might be used 1n a Pelton turbine or the like. Since there
1s a plurality of cylinders which will be used 1n the device,
there will be a system which will program air 1njection and
safety devices by means of electro-actuated valves or the like.

When the movable element goes up to the cylinder until the
upper end, it will not be able to propel the tlow toward the
turbine due the device arrangement. At said moment, 1t will
strike an air chamber that will cause the kinetic energy of the
movable element transforms into compressed air that will be
conveyed to the accumulator by means of pipes, and will be
controlled by retentions valves arranged at the accumulator
inlet. This will also be used as a movable element travel brake.

Compressed air 1s conveyed through pipes to each movable
clement, which being submerged at the cylinder lower end,
goes up mside the cylinder due to its push, thus generating an
hydraulic flow that 1s used by a turbine attached to each
cylinder through pipes. This cycle 1s repeated for each mov-
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able element, generating a turbine steady flow, since the
incoming air to movable element 1s sustained. The movable
clement which has gone up to the cylinder upper limait, gets rnd
ol the air stored 1inside by means of a valve housed in the upper
cover which 1s open in that moment to later be displaced to the
cylinder lower end which 1s dragged by the movable element
which 1s traveling up, since they are secured by a means such
a cable, to be filled with compressed air again.

In this way, this device can store energy and control its use,
regulating air flows to movables elements, and thus, regulat-
ing turbine usable flows.

As stated before, the energy accumulator and rectifier
equipment 1s fed by compressed air, 1n a first embodiment,
from a maritime device by means of a motion produced by
waves.

With reference to FIGS. 4 and 5, the marine device 1s
defined by a floating pontoon (9) with articulated arm (11), an
air cylinder (or piston), and a breasting system which consists
of (10) mooring dolphins and breasting dolphins.

Its operation consists of a floating pontoon (9) which by
tollowing wave motion generates an ascending and descend-
ing vertical displacement of an articulated arm (11) attached
to this pontoon. This arm comprises a ball socket end secured
to a pile structure (mooring dolphins) and the other end 1s
mounted on a floating pontoon (9) with its end trapped 1n a
ring attached to the pontoon, which enables free movements
thereon, with the exception of the ascending and descending,
motion.

This motion 1s used for the ball socket arm to activate a
piston inside the cylinder, also located on the pile structure,
which generates compressed air that flows to the hydraulic
device accumulator based on land by means of pipes mounted
over a walkway founded on piles.

The complete device-apparatus assembly will be located
on coastal areas, so that the pontoon can move through wave
motion and the hydraulic device can be based on land 1n order
to reduce the compressed air pipe length from the marine
device to land.

According to a second embodiment of the imnvention, the
energy accumulating equipment can operate in conjunction
with an eolic energy harnessing apparatus. With reference to
FIGS. 7 v 8, such apparatus consists of three main elements.
A sail or flag (15), vertically arranged and facing wind with
vertical axis which crosses the sail and make it pivot thereon,
a vertical screen (17), parallel to the sail and secured by 1ts
support and an air piston (16) which generates compressed air
by sail or flag motion.

The sail and the axis (15) are arranged close to the vertical
screen (17), so that when wind strikes both structures it brings
the sail close to the screen until closing wind passing and then
move the sail away an thereby, the sail 1s made to flap as a flag
does with the wind.

The sail 1s secured to a ball socket arm of an air piston
which through continuous sail motion generates compressed
air which 1s transferred to the aforementioned hydraulic
device accumulator. In order to follow the direction of the
wind, the system will p1vot on a common axis.

Since this renewable resource for harnessing energy 1s
irregular 1n nature, as stated before, the invention standard-
1zes the production of usable energy.

The energy production efficiency improvement will be
exemplified with reference to the first embodiment of the
invention based on the ocean wave energy generation.

Nowadays, the scarce literature on inventions that harness
waves as energy source indicate that the plant factor values
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(corresponding to the actual power produced over a given
period divided by the rated power over the same period) for
some of these are as follows.

Pelamis technology (developed by Pelamis Wave Power,
PWP) 1s the only technology which has been commercialized
until now, consists of a great length floating cylinder which 1s
articulated 1 the middle, when such cylinder 1s being
exposed to waves, 1t pivot on 1t articulation thus generating an
o1l flows which 1s transformed 1nto energy inside such cylin-
der. It 1s used offshore. Its plant factor ranges between 13%
and 15%, being able to reach 30% 1n areas exposed to large
waves.

Seawave Slot-Cone Generator (SSG) 1s an experimental
technology which consists of big concrete box-structure
founded on the coast with a diagonal wall exposed to waves
comprising different openings at different heights, which by
being stricken by waves, water goes up through these open-
ings thus generating a level difference between ocean water
and mner water, which 1s made to pass through turbines to
recover this energy. The plant factor thereof 1s calculated
around 25%.

Generally, for other types of technologies related to wave
resource, the maximum acceptable plant factor 1s considered
to be 30%.

The low plant factor value of these Technologies 1s mainly
due to the energy resource supply irregularities and not due to
lack of supply 1tself, this 1s, since there 1s a possibility to
produce the maximum possible energy over a given period,
the equipment 1s dimensioned to have a generating capacity
or rated power close to that maximum, so that these high
periods are not wasted. Therefore, as stated above this high
generation 1s captured, but for the rest, it 1s generated at a
power level which 1s lower than the rated value, thereby
reducing plant factor.

With regard to the above, an example 1s provided 1n which
the plant factor 1s calculated for one-day generation using
Palamis technology and considering a rated generation o1 750
kW. This means that this 1s a hypothetical situation since
values over one-day period are more favorable than over
longer periods.

Waves

Amplitude Period Power

Time (m) () (kW)
0:00:00 0.5 7 0.0
1:00:00 0.5 8 0.0
2:00:00 1.5 9 78.0
3:00:00 1.5 6 65.0
4:00:00 1.5 5 32.0
5:00:00 3 8 332.0
6:00:00 4 9 475.0
7:00:00 5 9 670.0
8:00:00 6 9 750.0
9:00:00 6 11 619.0
10:00:00 6 11.5 558.0
11:00:00 4 9 475.0
12:00:00 3 9 292.0
13:00:00 3 9 292.0
14:00:00 2.5 8 230.0
15:00:00 2 7 148.0
16:00:00 2 9 138.0
17:00:00 2.5 10 181.0
18:00:00 5 11 472.0
19:00:00 5 12 369.0
20:00:00 2 11 93.0
21:00:00 0.5 11 0.0
22:00:00 0.5 12.5 0.0
23:00:00 1 9 35.0
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Waves
Amplitude Period Power
Time (m) (s) (kW)

Rated power (kW) 750.0
Produced power kWh 6,304.0
Total rated power kWh 18,000.0
Plant factor 35.0%

In case the proposed invention 1s used, a lower power
should be selected for the turbine and the hydraulic device
generating equipment. Air flow should be also regulates for
this capacity, thus becoming able to regulate the production of
energy at an even power, increasing the plant factor and
thereby reducing equipment costs.

In the above example, this calculation 1s carried out con-
sidering a rated power of 280 kW, whose results are as fol-
lows:

Rated power (kW) 280.0
kWh 6,304.0
Total rated power kWh 6,720.0
Plant factor 93.8%

As 1t can be observed, the plant factor 1s greater. Addition-
ally, a high power factor due the supply security can be
considered.

These examples are affected 1n real situations due to longer
periods that have to be considered.

It may be considered that the plant factor increases when
accurate data on waves of the area where the station 1s to be
located 1s available, since the rated power thereol may be
chosen taking into consideration the generation potential
average lifespan. However, since the above 1s always predic-
tive data based on statistical information available, the rated
power to be chosen will be what 1s calculated from these
models.

Accordingly, a good plant factor approximation value tak-
ing into consideration a generating station comprising the
hydraulic device and the marine apparatus 1s around 80%.

The mvention claimed 1s:

1. An energy accumulator and rectifier equipment which
cnables the optimization of plant factors associated with
renewable energy generating facilities, which are affected
due to irregularities 1n the energy availability form natural
resources, wherein such equipment comprises a storage tank
or compressed air accumulator which 1s fed from air flows
from apparatuses which transform renewable energy into
compressed air and convey it to such accumulator to deliver 1t
on a continuous basis;

a series of vertical tubes (cylinders) filled with non com-
pressible fluid so that 1t can displace movable elements,
forming a group; each group i1s 1n connection with
another similar group at both the upper level and the
lower level by means of a fluid circulation pipes and by
means ol a pipe of smaller diameter, at the upper and
lower portion, for air circulation; the fluid circulation
pipes of every group are attached to a common pipe at
the upper level which conveys the tluid toward a turbine-
generator to produce electricity and a common pipe at
the lower level to recirculate fluid toward the cylinders.

2. An energy accumulator and rectifier equipment accord-
ing to claim 1, wherein said movable elements are tubes of
smaller diameter and length than tubes filled with fluid and
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which form a seal therewith, since they include perimetral
rings specially designed for this purpose; each movable ele-
ment includes 1 the upper cover thereof an air releasing
valve.

3. An energy accumulator and rectifier equipment accord-
ing to claim 1, wherein each group comprises two cylinders
and two movable elements as well as retention valves on the
upper portion to control tluid tlows 1n both directions of the
cylinder-movable element group.

4. An energy accumulator and rectifier equipment accord-
ing to claim 1, wherein said equipment comprises a system
for programming air injection into the movable elements by
means of electro-actuated valves and security devices which
control their ascending movement.

5. A marine apparatus for electric power generation from
ocean waves which comprises improved plant factors,
wherein 1t comprises:

energy accumulator and rectifier equipment which enables
the optimization of plant factors associated with renew-
able energy generating facilities, which are affected due
to the 1rregularities of the natural resource energy avail-
ability, wherein such equipment comprises

a storage tank or compressed air accumulator which 1s fed
from air flows from apparatuses that transform renew-
able energy into compressed air and convey it toward
such accumulator;

a series of vertical tubes (cylinders) filled with non com-
pressible fluid so that 1t can displace movable elements,
forming a group; each group i1s 1n connection with
another similar group at both the upper level and the
lower level by means of a flmid circulation pipes and by
means of a pipe of smaller diameter, at the upper and
lower portion, for air circulation; the fluid circulation
pipes of every group are attached to a common pipe at
the upper level which conveys the tluid toward a turbine-
generator to produce electricity and a common pipe at
the lower level to recirculate fluid toward the cylinders;

a floating pontoon with an articulated arm,

a cylinder with pneumatic or hydraulic piston associated
with pneumatic equipment to generate compressed air, a
mooring system comprising mooring dolphins and
breasting dolphins.

6. An apparatus for harnessing eolic energy to generate
clectric power from wind, comprising improved plant factors,
wherein:

an energy accumulator and rectifying equipment which
enables the optimization of plant factors associated with
renewable energy generating facilities, which are
affected by the 1rregularities of energy availability from
natural resources, wherein such accumulator equipment
COmMprises

a storage tank or compressed air accumulator which 1s fed
from air flows from apparatuses that transform renew-
able energy into compressed air and convey 1t toward
such accumulator;

a series of vertical tubes (cylinders) filled with non com-
pressible fluid so that 1t can displace movable elements,
forming a group; each group i1s 1n connection with
another similar group both at the upper level and the
lower level by means of a flmid circulation pipes and by
means of a pipe of smaller diameter, at the upper and
lower portion, for air circulation; the fluid circulation
pipes of every group are attached to a common pipe at
the upper level which conveys the tluid toward a turbine-
generator to produce electricity and a common pipe at
the lower level to recirculate fluid toward the cylinders;

a sail or flag vertically arranged which faces wind,
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a vertical screen located parallel to the sail and secured by
a support,
a vertical axis which crosses the sail and makes 1t pivot, and
a system of arms and pneumatic or hydraulic cylinder
associated with pneumatic equipment to produce com-
pressed air generated by this motion.
7. Method for generating electric power from renewable
sources which uses an energy accumulator and rectifier
equipment according to claim 1, which enables the optimiza-

tion of plant factors which are affected by the 1rregularities of :

energy availability from natural resources, wherein such
method 1s characterized 1n that this accumulating equipment
regulates the energy from apparatuses which transform
renewable energy mto compressed air and convey it toward

said accumulator, wherein such air will go 1nto every movable
clement of a group, by means of air pipes and valves, which
are arranged at the lower level of each cylinder and which are
open when the movable element 1s located at the lowest level
of 1ts trajectory so that the necessary air 1s injected to fill the
available space; once the movable element 1s filled with ar,
the security device 1s open to allow such element to go up
displacing the covering fluid thanks to 1ts push, thus generat-

15
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ing the tlow which can be used 1n a Pelton turbine or the like
which 1s attached by pipes to each cylinder; when the movable
clement goes up to the cylinder upper level, it will not be able
to propel fluid flow toward the turbine due to the design of the
device; 1n this moment, 1t will strike an air chamber that will
cause the movable element kinetic energy to be transformed
into compressed air which will be conveyed toward the accu-
mulator by means of pipes and will be controlled by retention
valves arranged at the accumulator 1nlet; this will be also used

0 as the brake for the displacement of the movable element; this

cycle 1s repeated for each movable element, thus generating a
turbine steady flow, since the imcoming air to movable ele-
ment 1s sustained:
the movable element which has gone up to the cylinder
upper limit, gets rid of the air stored inside by means of
a valve housed 1n the upper cover which 1s open 1n that
moment to later be displaced to the cylinder lower end
which 1s dragged by the movable element which 1s trav-
cling up, since they are secured by a means such a cable,
to be filled with compressed air again allowing the cycle
to continue.
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